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UDWH DQG WKHUHE\XQLW SURILW UDWH &ORVLQJGRZQRI LURQRUHPLQHVGXH WR HQYLURQPHQWDO FRQVWUDLQWV VSXUUHG WKH
FDSWLYHLURQRUHZDVKLQJSODQWVWRZRUNRQDFXVWRPSODQWPRGHDQGDOVRUHFRYHUWKHYDOXHVIURPWKHLUVOLP\WDLOV
7KLV SDSHU HQXPHUDWHV WKH GLIILFXOWLHV IDFHG E\ D FDSWLYH LURQ RUH ILQH ZDVKLQJ SODQW >WUHDWLQJ LURQ RUH ILQHV
DVVD\LQJ )Ha \LHOGLQJ VDQGV DVVD\LQJ )H!@  GXH WR UDZPDWHULDO FKDQJH \LHOGLQJ XQVDODEOH VDQGV DQG
GLVFXVVWKHLPSRUWDQFHRISURFHVVSODQWDXGLWIRULPSURYLQJWKHPLQHUDOSURFHVVLQJSODQWSHUIRUPDQFH%DVHGRQ
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XWLOL]LQJ WKH DERYH WDLOV LQ EULFNV WLOHVPDQXIDFWXUH  $OVR 5	' HIIRUWV WR FRQFHQWUDWH )H YDOXHV IURP DERYH






3HHUUHYLHZ XQGHU UHVSRQVLELOLW\ RI RUJDQL]LQJ FRPPLWWHH RI WKH *OREDO &KDOOHQJHV 3ROLF\ )UDPHZRUN 	
6XVWDLQDEOH'HYHORSPHQWIRU0LQLQJRI0LQHUDODQG)RVVLO(QHUJ\5HVRXUFHV
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 ,QWURGXFWLRQ
7KH YLDELOLW\ RI D PLQHUDO HQWHUSULVH QHFHVVLWDWHV WKH GHYHORSPHQW RI VSHFLILF WHFKQRHFRQRPLF
PRGHO IRU RSWLPXP RSHUDWLRQV 7KH FRGHSHQGHQFH RI RUH YDULDELOLW\  SURFHVV YDULDEOHV
LQWHUGHSHQGHQFH RI GLIIHUHQW RSHUDWLRQV LQ D PLQHUDO HQWHUSULVH QRQTXDQWLILDEOH IDFWRU QHHGV
FRQWLQXRXV PRQLWRULQJ 7KLV FRQWLQXRXV PRQLWRULQJ DQG JHQHUDWLRQ RI D G\QDPLF WHFKQRHFRQRPLF
PRGHO LV GLIILFXOW +HQFH SUDFWLFH RI LPSURYLQJ YLDELOLW\ E\PD[LPL]LQJ UHFRYHU\ DQG SURGXFWLYLW\
VHHPVXQVXVWDLQDEOH WLOO VLJQLILFDQW RYHUDOO XQLW FRVW UDWH UHGXFWLRQ DQG HQKDQFHPHQW RI RYHUDOO XQLW
UHYHQXH DQG SURILW UDWH LV DFKLHYHG 7KH SHUIRUPDQFH LPSURYHPHQW RI WKH SODQW QHHGV WKH URXWLQH
DXGLWLQJVWXGLHVIRUUHGXFLQJWKHRYHUDOOXQLWFRVWDQGWRLPSURYHWKHFDVKIORZ7KHOLWHUDWXUHUHYLHZ
RQLURQRUHGUHVVLQJSODQWSHUIRUPDQFHLPSURYHPHQWVWXGLHVE\DXGLWLQJDUHOLPLWHGH[FHSWWKHZRUNV
RI0DOKRWUD  5DR HWDO  5DYLQGUDQDWK HW DO /RXLV HWDO  DQG 5XGUDSSD
HWDO 5DYL HWDO $XGLW LV GHILQHG DV D IRUPDO WKRURXJK DQG SHULRGLF H[DPLQDWLRQ ±
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DXGLWLQJ MRE LV FRPSOLFDWHG GXH WR RUH YDULDELOLW\ PLVPDWFKHG HTXLSPHQW FKDQJLQJ PDUNHW
VSHFLILFDWLRQVHQIRUFHPHQWRIVWULQJHQWHQYLURQPHQWDOJXLGHOLQHVDQGFRVWHVFDODWLRQGXHWRLQIODWLRQ
DVHQXPHUDWHGE\SUHYLRXVZRUNV>@7KHSHUIRUPDQFHLPSURYHPHQWVWXGLHVE\SURFHVVDXGLWLQJDUH
GHPDQGLQJIURPWLPH±HFRQRPLFYLHZSRLQW6RPHWLPHV LW LV IUXVWUDWLQJGXH WR LOOGHILQHGREMHFWLYH




WKH NH\ WR VROYH WKH WHHWKLQJ SUREOHPV DVVRFLDWHG ZLWK DXGLWLQJ  7KH GDWD LV DQDO\VHG ORJLFDOO\
VFLHQWLILFDOO\ DQG VWDWLFDOO\ NHHSLQJ WHFKQRHFRQRPLFV LQ YLHZ 2QFH WKH SUREOHP LV LGHQWLILHG WHVW
ZRUNV XQGHU VLPXODWHG FRQGLWLRQV EDVHG RQ HYROXWLRQDU\ DQG UHYROXWLRQDU\ FRQFHSWV DUH FRQGXFWHG
&RQFOXVLRQVDUHGUDZQHYDOXDWLQJWKHDOWHUQDWLYHVIRUVROYLQJWKHSUREOHPV7KHUHFRPPHQGDWLRQVDUH
PDGHEDVHGRQVXVWDLQDEOHEHQHILWV$IWHURQVLWHLPSOHPHQWDWLRQVFLUFXLWLVVDPSOHGWKHUHVXOWVZLWK




























SLWFKRIGLDPHWHU 7KH USPRI VSLUDOZDV IRXQG WREH   ,WZDV UHSRUWHG WKDW WKHZDVKDELOLW\
SHUIRUPDQFHRIFODVVLILHUZDVSRRU7KHLURQRUHILQHVDVVD\LQJ)H6L2$O2
DQG  /2, ZKHQ WUHDWHG \LHOGHG PXGG\ FODVVLILHU VDQG DVVD\LQJ  )H   6L2
$O2DQG/2,ZLWK)HGLVWULEXWLRQDWZW\LHOGRI7KHVOLP\WDLOVDVVD\HG
$V WKHSURGXFW IDLOHG WRPHHW WKH VSHFLILHGJUDGHRIDQGH[FHHGHG WKH OLPLW IRU 
PPVL]HWKHFRPSDQ\UHTXHVWHGIRUDSODQWSHUIRUPDQFHLPSURYHPHQWVWXG\
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7KH DFWLYLW\ FRPSULVHG RI D 5HYLHZ RI KLVWRULFDO DQG GHVLJQ GDWD VDPSOH WKH XQLW FLUFXLWV
REVHUYDWLRQFKDUDFWHUL]DWLRQ±WHVWZRUNGDWDDQDO\VLVDQGEDVHOLQHGDWDSUHSDUDWLRQE6KRUWWHUP
PRGLILFDWLRQ 670 DQG HYDOXDWLRQ RI LWV EHQHILWV ZLWK UHIHUHQFH WR EDVH OLQH GDWD F /RQJ WHUP
PRGLILFDWLRQ/70DQGLWVHYDOXDWLRQ
3.1. Base line data[BLD] 
'XULQJWKHSODQWYLVLWLWZDVQRWLFHGWKDWWKHFODVVLILHUZDVQRWIHGSURSHUO\GLVSHUVHGSXOS)XUWKHU
WKHIHHGSRLQWZDVFORVHWRZHLUDIIHFWLQJWKHVHWWOLQJ)LJVKRZVWKHIORZVKHHWRIZDVKLQJSODQW$
UHSUHVHQWDWLYH VDPSOH ZKLFK ZDV FROOHFWHG ZDV VXEMHFWHG WR FKDUDFWHUL]DWLRQ VWXGLHV FRPSULVLQJ RI
FKHPLFDOPLQHUDORJLFDODQGVFUXEELQJIROORZHGE\ZHWVLHYHDQDO\VLV7KHUHVXOWVDUHVKRZQLQ7DEOH
7KHODERUDWRU\UHVXOWVFRQILUPHGVRPHRIWKHREVHUYDWLRQVGXULQJWKHSODQWYLVLW)XUWKHUSUHOLPLQDU\
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Short term modification[STM] 
7KHSUHYLRXVVFUXEELQJDQGFODVVLILFDWLRQFLUFXLWZDVUHVWRUHG)XUWKHUWKHFRPSDQ\ZDVDVNHGWR






 ZDV SURGXFHG 7KH VDQG FRQFHQWUDWH PHHWV WKH VSHFLILFDWLRQ WKRXJK WKH \LHOG LV UHGXFHG 7KH
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IORZZDVSXPSHGWRDFOXVWHURIPP
F\FORQHV>FXWVL]H'PLFURQV@
&\FORQHRYHUIORZ   
+HDG>&DO@   
&RPSRVLWHFRQFHQWUDWHV>&&@>&DO@   
6SLUDOFODVVLILHURYHUIORZ>&DO@   
/RQJ7HUP0RGLILFDWLRQ
6FUXEEHG DQG GLVSHUVHG SXOS IHG PD[ IHHG
SRUW DZD\ IURP ZHLU 7KH FODVVLILHU RYHU
IORZSXPSHG WR D PGLD93:+,06
PPURGPDWUL[7%DFNJURXQGLQWHQVLW\
&ODVVLILHUVDQG>&@   
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6SLUDOFODVVLILHURYHUIORZ>&DO@   
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6SLUDOFODVVLILHURYHUIORZ>&DO@   
3.2. Long term modification [LTM] 
7KHDPHQDELOLW\WHVWVLQGLFDWHGWKDWWKHVOLPHVVDPSOHZDVDPHQDEOHWRERWKJUDYLW\DQGPDJQHWLF
VHSDUDWLRQ $V D ORQJ WHUPPHDVXUH WKH VSLUDO FODVVLILHU RYHU IORZZDV SDVVHG WKURXJK WKH P GLD
93:+,06DWEDFNJURXQG7LQWHQVLW\DQGPPGLD  URGPDWUL[RQD WULDOEDVLV ,WSURGXFHGD
PDJQHWLF FRQFHQWUDWH DVVD\LQJ  )H ZLWK  )H GLVWULEXWLRQ DW ZHLJKW \LHOG RI  7KH
QRQPDJQHWLFWDLOVDVVD\HGOHVVWKDQ)H7KHPDJQHWLFFRQFHQWUDWHXSRQGHZDWHULQJPD\EHXVHG
LQSHOOHW LQGXVWULHV7KH UHVXOWV DUHJLYHQ LQ7DEOH7KH LQYHVWPHQWV IRU/70ZHUHSDLGEDFN LQD
\HDU WKHRSHUDWLQJFRVWVZHUH UHGXFHGE\	\LHOGRI WDLOV UHGXFHG WRZUWEDVH OLQH WKXV
UHGXFLQJWKHSUREOHPRIWDLOLQJSRQGFRQFRUGDQWZLWKHDUOLHUILQGLQJV>@
 &RQFOXVLRQV
%DVH OLQH DXGLWLQJ IROORZHG E\ VKRUW WHUP PRGLILFDWLRQ RI WKH LURQ RUH ZDVKLQJ SODQW DQG
FRQFHQWUDWRUV LQFUHDVHG WKHFRQFHQWUDWHSURGXFWLYLW\DQG UHGXFHGRSHUDWLQJFRVW VLJQLILFDQWO\ %DVHG
RQWKHUHFRPPHQGDWLRQWKHFRPSDQ\UHPRYHGWKHERWWOHQHFNVDQGDGGHGDGGLWLRQDOFDSDFLW\ZKHUHYHU
UHTXLUHG 7KLV UHVXOWHG QRW RQO\ LQ LPSURYLQJ WKH FRQFHQWUDWH \LHOG UHFRYHU\ EXW DOVR LQFUHDVHG WKH
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